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that the antibiotic was confined. The theory of subclinical disease control is perhaps more acceptable in the light of these findings.
To summarize, we have considered the establishment of a growth response with antibiotics and have shown the wide variety of species in which this phenomenon occurs. We have considered a few of the possible modes of action and have suggested that the depression of sub-clinical disease is a hypothesis worthy of attention. There are, however, many other aspects of the subject which we have been unable to consider in the present paper.
The Function of Antibiotics in Animal Nutrition By S. K. KON, Ph.D., D.Sc., F.R.I.C. National Institute for Research in Dairying, Shinfield WORK on the use of antibiotics in animal feeding has been going on at the National Institute for Research in Dairying for several years now, having begun shortly after the original announcement of Jukes, Stokstad and collaborators in the United States that antibiotics added to the diet exerted a favourable effect on the growth of pigs and poultry. In our experience pigs could be brought to bacon weight more rapidly when an antibiotic, penicillin or Aureomycin, was added to the diet at the rate of about 12 mg./ton food. The effect was noticeable both with rations containing animal protein, more customary in this country and with rations containing only vegetable protein. It was perhaps more marked with the latter diet and the growth increment was on the whole of the order of 10%.
Our experiments with calves were done with our own calves born on our farms and also with Proceedings of the Royal Society of Medicine calves brought from outside. It is well known that calves whose environment is changed are more likely to be unthrifty and suffer from scouring than animals reared where they were born and it is with such calves that we found consistently beneficial effects from the administration of antibiotics in the food, consisting of milk alone at first, later supplemented with hay and concentrates. Procaine penicillin equivalent to 80 mg. penicillin/calf/day or Aurofac 2A supplying 50 mg. Aureomycin/calf/day, increased the growth rate of such calves up to 3 months of age from about 1 -I lb./day for the controls, to 1-3 to 14 lb./day for the treated animals. At the same time the incidence of scours was markedly reduced and the general appearance of the calves improved. Healthy calves of-our own breeding grew in one trial without antibiotic supplements at rates similar to those of the calves just mentioned given antibiotics, and with them antibiotic treatment produced no obvious effects though in a second trial, when scouring was prevalent, antibiotics did improve growth and reduce the scouring. Under practical conditions calves often suffer from intestinal infections and it is our belief that by and large the use of antibiotics in calf feeding in this country would be beneficial.
Our main work on the dietary use of antibiotics, and one which I should like to stress since it dealt largely with the mode of action of the antibiotics, was with poultry. Chicks have been kept at Shinfield for experimental purposes for some fourteen years now and at an early stage of our antibiotic work we confirmed with them the efficacy of antibiotics with a variety of diets, practical and experimental and with or without animal protein. When some of these results were reported in October 1950 at a meeting of the Biochemical Society, workers at the Glaxo Laboratories Ltd.
pointed out that in similar experiments they found no effect of antibiotics. As chicks had not been kept at Glaxo Laboratories before it seemed possible that the difference was due to environmental conditions and joint experiments were done to clear up this point. Day-old chicks from one hatchery were distributed between the Glaxo Laboratories and Shinfield and received in both places chick mash derived from one batch. No effect was obtained at Glaxo Laboratories but the antibiotic (procaine penicillin, 40 mg./kilo diet) was again effective at Shinfield, the birds receiving it growing at the same rate as the birds at Glaxo, whereas the growth of the untreated birds at Shinfield was less. In a further experiment the chicks were similarly distributed and treated but, in addition, they were also kept at Shinfield in a laboratory where chicks had not been before. These birds behaved like the birds at Glaxo in that they did not respond to the antibiotic and without it grew better than the untreated birds in the old premises. It thus became evident that under our conditions the antibiotic was acting not so much by accelerating growth as by removing some depressant effect present in surroundings where chicks had been kept for a long time. Careful search failed to detect in our chicks, responding to antibiotics, any obvious known disease or infection and in. fact they were by all customary standards quite normal, the only difference between them and the chicks kept in the new place being in the slightly lower rate of growth. To study the way in which the antibiotic acted on our birds, Perspex isolation boxes were established in each of which two cages of day-old birds could be sealed with enough food to last for twelve days. Drinking water was supplied by a closed cistern and bacteriologically filtered air was circulated through the box. Birds in one cage received the diet alone, those in the other with the antibiotic. Under such conditions the depressant effect which for want of a better term we described as "infection", could be produced by sprinkling on the food the fresh gut contents from "infected" birds but not gut contents of birds kept under conditions where the antibiotic was inactive. Autoclaving of the gut contents prevented the transmission of the "infection".
Although the penicillin increased the weight of chicks it had the opposite effect on the weight of the small intestine and when due allowance was made for the greater size of the treated birds their small intestine was lighter than that of the controls. In all probability this change in weight of the intestine is connected with the state of "infection" of the bird and is not a non-specific effect of penicillin since the antibiotic did not alter the weight of the gut of birds free from the "infection". It is of interest in this connexion that in all their studies of animals kept under sterile conditions and free from any micro-organisms in their gut, Reyniers and his colleagues at Notre Dame University in the United States found that the gut of such animals (chicks and rats) was lighter than that of normal animals carrying the usual microbial gut burden.
Since our observations on the relation of antibiotic activity to environment were published, workers in several laboratories in the United States and in this country reported similar findings. It does seem established that, with chicks at any rate, the growth-promoting effect of antibiotics, or rather the suppression of retardation of growth, is in some way connected with the intestinal population of the animal. We are at present studying the bacterial population of the chick, both "infected" and non-"infected", and the effect on it of antibiotics. As the knowledge of even the normal flora of the chick is very fragmentary much work will have to be done before the mode of action of antibiotics becomes clearer.
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